Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(43) Date of publication: 

30.10.2002 Bulletin 2002/44 



(n) EP 1 253 587 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI 7: G1 1 B 7/09 



(21) Application number: 01116739.2 

(22) Date of filing: 19.07.2001 



(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 




Yonezawa, Minoru 




MC NLPTSETR 




1-1-1 Shibaura, Minato-ku Tokyo 105-8001 (JP) 




Designated Extension States: 




Ohsawa, Hideaki 




AL LT LV MK RO SI 




1-1-1 Shibaura, Minato-ku Tokyo 105-8001 (JP) 


(30) 


Priority: 24.04.2001 JP 2001126115 


(74) 


Representative: HOFFMANN - EITLE 




Patent- und Rechtsanwalte 


(71) 


Applicant: Kabushiki Kaisha Toshiba 




Arabellastrasse 4 


Minato-ku, Tokyo 105 (JP) 




81925 Miinchen (DE) 



(54) Optical disk apparatus and optical disk processing method 



(57) An optical disk apparatus has a first optical sys- 
tem (6, 8) having an objective lens with a first NA, a sec- 
ond optical system (6, 8) having an objective lens with 
a second NA lower than the first NA, addition means 



(57) for adding focus error signals detected by the first 
and second optical systems, and alignment means (28) 
for aligning the objective lens in accordance with the ad- 
dition result of the addition means. 
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Description 

[0001] The present invention relates to an optical disk 
apparatus for recording information on or reproducing 
information from an information recording track of an op- 
tical disk by irradiating the optical disk with a light beam. 
More particularly, the present invention relates to focus 
error detection of a light beam in this optical disk appa- 
ratus. Also, the present invention relates to an optical 
disk processing method. 

[0002] In recent years, various studies and develop- 
ments have been made forthe purpose of improving the 
recording density of an optical disk. In an optical disk 
apparatus, an attempt is made to reduce the spot size 
of an optical spot by increasing the optical NA (Numer- 
ical Aperture) or adopting a short-wavelength laser. 
When the optical NA is increased, problems of stricter 
specifications of the tilt of an objective lens and a short 
distance between the objective lens and optical disk sur- 
face are pointed out. 

[0003] As is well known, the specifications of the tilt 
of the objective lens can be relaxed by decreasing the 
distance from the optical disk surface (light entrance 
surface) to the recording surface, i.e., the thickness of 
a substrate. A sample optical disk having a shorter dis- 
tance than the existing DVD or the like (which has a sub- 
strate having a thickness of about 0.6 mm), e.g., adopt- 
ing a substrate having a thickness of about 0.1 mm has 
been prepared. 

[0004] On the other hand, a high NA also leads to a 
decrease in distance between the objective lens and in- 
formation recording surface. The distance between the 
objective lens and optical disk in the existing DVD is 1 
mm or more. However, when an NA higher than 0.8 is 
adopted, the objective and optical disk adjoin at a dis- 
tance less than 0.2 mm. When the objective lens and 
optical disk adjoin via such a short distance, the most 
serious problem is a collision of the objective lens 
against the optical disk. Such collision takes place when 
focus control runs away upon a focus lead-in operation 
or upon mixing of any disturbance in light reflected by 
the optical disk due to the influence of scratches, finger- 
prints, and the like on the optical disk. Hence, a stable 
focus lead-in operation and a focus control system 
which has high resistance against the influence of 
scratches, fingerprints, and the like are demanded. 
[0005] As a conventional method of avoiding such col- 
lision, a method of forming an arcuated pattern on the 
objective lens on the optical disk surface side is pro- 
posed (Jpn. Pat. Appln. KOKAI Publication No. 
2000-20985). The objective lens with such a structure 
exploits the generation of a floating force with respect 
to the optical disk due to the air flow generated in the 
gap between the optical disk and objective lens upon 
rotation of the optical disk. The objective lens is passive- 
ly aligned to a position where the floating force and the 
driving direction in the focus direction balance. Howev- 
er, in this method, since thefloating force of the objective 



2 

lens with respect to the optical disk changes depending 
on the rotational speed of the disk, the floating amount 
readily changes due to the influences of disk rotation 
variations. When the rotational speed of the disk is not 
5 constant, the objective lens becomes unstable in this 
control method. 

[0006] In orderto attain adequate focus control, servo 
control of a conventional optical disk apparatus, which 
uses a focus error signal of a focus system is preferable. 

10 For example. Jpn. Pat. Appln. KOKAI Publication No. 
2000-011401 proposes a method of realizing stable fo- 
cus lead-in operation by adding signals from focus error 
detection systems having two different focus detection 
ranges. According to this method, a stable focus lead- 
's in operation is realized by adding a focus error signal 
obtained by a detection, optical system that can assure 
a broad focus error detection range, and a focus error 
signal obtained by a detection system which has a nar- 
row focus error detection range but can assure high de- 

20 tection sensitivity. At the same time, precise focus align- 
ment is realized. However, when scratches, dust, finger- 
prints, and the like become attached to the disk surface, 
the amplitude of the focus error signal itself used as a 
servo signal becomes small, the signal is susceptible to 

25 disturbances, and so forth. Furthermore, when the NA 
is high, since the spot size on the disk surface becomes 
small, the signal is readily influenced by disturbances, 
and the focus servo consequently runs away. Such an 
unstable state similarly occurs even in a focus lead-in 

30 operation, thus disturbing a stable focus lead-in opera- 
tion. That is, since two different focus errors are gener- 
ated using return light from a single optical spot formed 
on the information recording surface of the optical disk, 
an unstable state of the optical spot formed by a high-NA 

35 optical system cannot be avoided. As a result, the con- 
ventional servo control is vulnerable to disturbances that 
depend on the surface state of the optical disk such as 
scratches, dust, fingerprints, and the like, and the focus 
servo readily runs away due to the influences of distur- 

40 bances. 

[0007] Once the servo runs away, the objective lens 
may collide against the disk to damage not only the op- 
tical disk but also the objective lens, and information re- 
cording/reproduction may be disabled. In this way, the 

45 factors necessary for realizing an optical disk apparatus 
compatible with high-density optical disks are to realize 
a focus error detection system with which a focus servo 
hardly runs away even under the influence of scratches, 
dust, fingerprints, and the like, and a focus error detec- 

50 tion system which hardly collides against the disk, and 
to realize a stable . focus lead-in operation at the same 
time. 

[0008] As described above, when the conventional fo- 
cus error detection circuit is applied to a high-NA optical 
55 system, the objective lens is highly likely to collide 
against the disk. Also, the focus servo itself inevitably 
runs away due to the influence of scratches, dust, and 
fingerprints attached to the disk. When the focus servo 
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runs away, since the distance between the objective 
lens and disk is small, the objective lens collides against 
the optical disk. 

[0009] Furthermore, in the case of a high-density op- 
tical disk having a two-layered information recording 
surface, a focus error detection range is inevitably nar- 
rowed down. Forthis reason, focus control performance 
deteriorates. When focus control fails, the objective lens 
inevitably collides against the optical disk. For this rea- 
son, it is indispensable to realize a stable focus lead-in 
operation. 

[0010] Moreover, in an optical disk having a thin sub- 
strate, since individual optical disks have different sub- 
strate thicknesses, substrate thickness variation correc- 
tion such as spherical aberration correction or the like 
must be performed. Hence, a control system which ex- 
ecutes focus control while making spherical aberration 
correction that influences focus control must be real- 
ized. 

[0011] The present invention has been made in con- 
sideration of the above situation, and has as its object 
to provide the following optical disk apparatus and opti- 
cal disk processing method: 

(1 ) an optical disk apparatus which can realize sta- 
ble focus control and focus lead-in operation even 
when a high-NA optical system is used; and 

(2) an optical disk processing method which can re- 
alize stable focus control and focus lead-in opera- 
tion even when a high-NA optical system is used. 

[0012] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0013] The invention can be more fully under stood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a perspective view showing the structure 
around an objective lens actuator of an optical disk 
apparatus according to the first embodiment of the 
present invention; 

FIG. 2 is an enlarged view of the structure around 
the objective lens actuator of the optical disk appa- 
ratus according to the first embodiment of the 
present invention; 

FIG. 3 is a schematic block diagram showing the 
arrangement of principal parts associated with fo- 
cus control of the optical disk apparatus according 
to the first embodiment of the present invention; 
FIG. 4 is a chart for explaining signals upon focus 
lead-in control of the optical disk apparatus accord- 
ing to the first embodiment of the present invention; 
FIG. 5 is a schematic block diagram (part 1) show- 
ing the arrangement of principal parts of a fine ad- 
justment focus system of the optical disk apparatus 
according to the first embodiment of the present in- 



vention; 

FIG. 6 is a flow chart showing the reproduction and 
recording processes using objective lenses having 
different NAs of the optical disk apparatus accord- 
5 ing to the first embodiment of the present invention; 
FIG. 7 is a schematic block diagram (part 2) show- 
ing the arrangement of principal parts of thef ine ad- 
justment focus system of the optical disk apparatus 
according to the first embodiment of the present in- 
fo vention; 

FIG. 8 is a schematic block diagram showing the 
arrangement of principal parts of a focus error de- 
tection system of an optical disk apparatus accord- 
ing to the second embodiment of the present inven- 
ts tion; 

FIG. 9 is a view showing the structure of an objec- 
tive lens of a high-NA optical system of the optical 
disk apparatus according to the second embodi- 
ment of the present invention; 
20 FIG. 1 0 is a view showing signals of focus error de- 
tection systems of the optical disk apparatus ac- 
cording to the second embodiment of the present 
invention; 

FIG. 11 is a graph showing an example of a com- 
25 puted focus error signal; 

FIG. 1 2 is a chart showing an example of a comput- 
ed focus error signal; 

FIG. 13 is a view for explaining a focus error detec- 
tion method; 

30 FIG. 14 is a view for explaining the storage opera- 
tion for synchronously storing rotation angle infor- 
mation from a rotation angle detection circuit of a 
spindle motor, and the control output of a first focus 
control circuit; 

35 FIG. 15 is a view for explaining a case wherein a 
second actuator does not retract upon recording/re- 
production by a first optical system; 
FIG. 16 is a view for explaining a case wherein the 
second actuator has retracted upon recording/re- 

40 production by the first optical system; 

FIG. 17 is a view showing the recording/reproduc- 
tion state by a second optical system; 
FIG. 18 is a view showing a state wherein the sec- 
ond actuator is mechanically restrained; 

45 FIG. 19 is an enlarged view showing the state 
wherein the second actuator is mechanically re- 
strained; and 

FIG. 20 is a view showing a state wherein the sec- 
ond actuator is electromagnetically restrained. 

50 

[0014] The first embodiment of the present invention 
will be described below with reference to the accompa- 
nying drawings. 

[0015] [First Embodiment] Two objective lens actua- 
55 tors are provided, and focus lead-in control is performed 
by learning the surface run-out. 
[0016] FIG.1 is a perspective view showing the struc- 
ture of an optical disk apparatus having a focus error 
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detection circuit according to the present invention. FIG. 
2 is an enlarged view of the structure around an objec- 
tive lens actuator. This structure has two different optical 
systems, and an optical head has two objective lenses 
and actuators, so that information can be reproduced 
from or recorded on a predetermined optical disk using 
a low-NA optical system, and information can be repro- 
duced from or recorded on another predetermined op- 
tical disk using a high-NA optical system. 
[0017] An optical disk 1 having an information record- 
ing surface is attached to a spindle motor 2, and its ro- 
tation is controlled. An optical head for reproducing/re- 
cording information by forming an optical spot on the in- 
formation recording surface of the optical disk 1 is sup- 
ported to be movable in the radial direction of the optical 
disk, and is aligned in the radial direction by a feed motor 
such as a stepping motor 3 or the like. Two objective 
lens actuators 5 and 6 are mounted on a carriage 4 on 
which the optical head is mounted, and precisely align 
an optical spot with respect to an information recording 
trackformed on the information recording surface in two 
directions, i.e., a focus direction as a direction perpen- 
dicular to the disk, and a track direction as a direction 
crossing the track. Of the two objective lens actuators, 
the first objective lens actuator 5 is provided for a low-NA 
optical system, and forms an optical spot on the infor- 
mation recording surface of an optical disk via a first ob- 
jective lens 7 upon receiving a laser beam having a 
wavelength ranging from, e.g., 650 nm to 780 nm. The 
first objective lens actuator 5 is supported by a first ob- 
jective lens support wire 1 5. On the other hand, the sec- 
ond objective lens actuator 6 is provided for a high-NA 
optical system, and forms an optical spot on the infor- 
mation recording surface of an optical disk via a second 
objective lens 8 upon receiving a laser beam having, e. 
g., a wavelength of around 400 nm. The second objec- 
tive lens actuator 6 is supported by a second objective 
lens support wire 1 6. Note that an optical disk used upon 
forming an optical spot via the first objective lens, and 
an optical disk used upon forming an optical spot via the 
second objective lens have different physical properties. 
That is, an optical disk from/on which information is re- 
corded/reproduced using a first optical system allows in- 
formation recording/reproduction using a laser beam 
having a wavelength ranging from 650 nm to 780 nm, 
and is used for reproduction of a CD or DVD or record- 
ing/reproduction of a DVD-RAM or DVD-R or DVD-RW. 
On the other hand, an optical disk from/on which infor- 
mation is recorded/reproduced using a second optical 
system allows information recording/reproduction using 
a laser beam having a wavelength of around 400 nm, 
and has a surface recording density higher than a DVD 
or the like. In addition , the size of the optical spot formed 
on the information recording surface in this case is 
smaller than that formed by the first optical system. The 
first and second optical systems are selectively used to 
reproduce/record information from/on these two or more 
different optical disks using a plurality of laser beams 



having different wavelengths. 

[0018] The focus lead-in method and focus control 
method in the optical disk apparatus with this structure 
and, more particularly, the focus control method for an 

5 optical disk compatible with the second optical system 
with high NA will be described below with reference to 
the block diagram in FIG. 3 that shows principal parts 
for focus control, and the flow chart in FIG. 6. 
[0019] Disk discrimination is done first (ST3). That is, 

10 it is checked if the optical disk 1 attached to the spindle 
motor 2 is an optical disk that allows information record- 
ing/reproduction using the first optical system or an op- 
tical disk that allows information recording/reproduction 
using the second optical system . The disk discrimination 

15 starts with focus control by the first optical system that 
uses the low-NA first objective lens (ST2). Light reflect- 
ed by the optical disk enters a first PD (Photo Detector) 
21 via a beam splitter 11 and focusing lens 13. Alterna- 
tively, that reflected light enters a second PD 26 via a 

20 beam splitter 12 and focusing lens 14. That is, sequen- 
tially voltage varying a kick pulse for focus lead-in is in- 
put to the first objective lens actuator while using a focus 
error signal detected by the first PD 21 for focus error 
detection arranged in the first optical system. FIG. 13 

25 shows an astigmatism detection system as a general 
focus error signal generation system. In FIG. 13, a value 
given by (A + C) - (B + D) of a 4-split PD is a focus error 
amount. At this time, the second objective lens actuator 
6 is preferably displaced and restrained in a direction 

30 away from the optical disk to avoid collision against the 
target optical disk surface (ST1). In the aforementioned 
operation sequence, the first objective lens actuator 5 
undergoes focus control with respect to the optical disk 
1 by a first focus control circuit 23 using a focus error 

35 signal detected by a low-NA first focus error detection 
circuit 22. This operation is executed in correspondence 
with the number of laser light sources of the first optical 
system in descending order of wavelengths. For exam- 
ple, focus control is executed using an incoming laser 

40 beam of 780 nm, and the next focus control is executed 
using an incoming laser beam of 650 nm. After focus 
control attempts using laser beams of all the wave- 
lengths of the first optical system are made, if an infor- 
mation signal can be reproduced, or a reproduction sig- 

45 nal is a desired signal, it is determined that the target 
optical disk is the one compatible with the first optical 
system (ST3). In this case, an information recording/re- 
production process using the first optical system is ex- 
ecuted (ST4). 

so [0020] After focus control attempts using laser beams 
of all the wavelengths of the first optical system are 
made, if an information signal cannot be reproduced or 
a reproduction signal is not a desired signal, it is deter- 
mined that the target optical disk is not an optical disk 

55 compatible with the first optical system but an optical 
disk compatible with the second optical system (ST3), 
and an optical system switch operation is executed. 
[0021] Prior to the switch operation, surface run-out 
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of the target optical disk is learned using a control signal 
upon focus control of the first objective lens actuator 5 
(ST5). This control signal can use a laser beam of any 
wavelength of the first optical system, but preferably us- 
es a laser beam of the longest wavelength, e.g., a laser 
beam of a wavelength of, e.g., 780 nm. In the learning 
operation, a control signal of the actuator, which is out- 
put in accordance with surface run-out, is stored by a 
surface run-out phase estimation circuit in synchronism 
with the rotation angle information of the spindle motor. 
The first and second objective lens actuators generally 
undergo electromagnetic drive control. The control sig- 
nal of such an electromagnetically driven actuator is 
supplied as an acceleration signal of the actuator. When 
the actuator is driven to track surface run-out as a dis- 
turbance factor of a low frequency such as a disk rota- 
tion frequency, the drive signal can be processed as a 
signal which changes nearly in phase with the position 
signal. Especially, the focus lead-in operation is per- 
formed on the disk inner peripheral portion where an ex- 
pected surface run-out disturbance is small, i.e., a re- 
gion where the rotation frequency for rotating the disk is 
relatively high (around 40 Hz). It is not basically difficult 
to estimate the surface run-out phase in this frequency 
domain. For example, the deviation of the actuator is 
estimated from the drive signal based on the known dy- 
namic characteristic response model of the actuator, 
and the surface run-out phase is estimated since it is 
equivalent to the surface run-out deviation. 
[0022] A surface run-out phase estimation circuit 24 • 
stores the rotation angle information from a spindle mo- 
tor rotation angle detection circuit 25, and the control 
output of the first focus control circuit 23 in synchronism 
with each other. This storage operation will be explained 
below with reference to FIG. 14. The rotation angle de- 
tection circuit 25 can detect rotation angle information, 
and every angle obtained by dividing 360° into a plurality 
of angular ranges. For example, when the circuit 25 de- 
tects rotation angle information every 60° , the focus 
control output is sampled in synchronism with the rota- 
tion angle information every 60° and, for example, a volt- 
age output value is stored as a sample value shown in 
FIG. 14. The stored voltage value is information which 
allows a rough estimation of the period and phase val- 
ues of the drive signal by linear interpolation. After the 
surface run-out state is stored in synchronism with the 
rotation angle, the optical system is switched from the 
first optical system to the second optical system while 
controlling the rotation of the optical disk at an identical 
rotational speed. This switch operation is implemented 
by supplying a laser beam of a predetermined wave- 
length to the second objective lens actuator 6, and in- 
putting a kick pulse control signal f orf ocus lead-in to the 
second objective lens actuator 6 via a second focus con- 
trol circuit 28 (ST6). This lead-in pulse is a drive signal 
for moving the second objective lens 8 toward the optical 
disk. Therefore, the objective lens actuator 6 moves to- 
ward the optical disk surface simultaneously with input 



of the kick pulse control signal. At the same time, the 
objective lens actuator 6 is controlled by the second fo- 
cus control circuit 28 using a focus error signal which is 
detected by the second PD 26 provided in the second 
5 optical system and is computed by a second focus error 
detection circuit 27. When the objective lens 8 moves to 
a position where the second focus error detection circuit 
27 can detect a focus error signal and the relative ve- 
locity between the objective lens 8 and the information 
10 recording surface of the optical disk 1 is smaller than a 
predetermined velocity, the focus lead-in operation suc- 
ceeds (ST7). The surface run-out velocity is estimated 
from the surface run-out state estimated by the surface 
run-out phase estimation circuit 24, so that the relative 
15 velocity falls within the predetermined range, and lead- 
in control succeeds. Furthermore, a lead-in pulse gen- 
eration circuit 29 superposes a kick pulse and brake 
pulse on the focus control signal at an optimal timing at 
which a velocity relative to the moving velocity of the 
20 objective lens becomes small. More specifically, such 
timing is preferably set near a region where the surface 
run-out amount is closest to the objective lens 8, since 
the surface run-out velocity of the optical disk is low, and 
the relative velocity with respect to the objective lens 
25 can be reduced. As described above, the lead-in oper- 
ation is performed using the focus error signal of the sec- 
ond focus error detection circuit 27 provided in-the sec- 
ond optical system. The relationship between the signal 
of the surface run-out phase estimation circuit, lead-in 
30 pulse, and focus error signal is as summarized in FIG . 4. 
[0023] After the focus lead-in operation is performed 
in synchronism with the surface run-out phase, the sec- 
ond objective lens actuator 6 undergoes focus control 
with respect to the information recording surface of the 
35 optical disk. However, since the NA is high, the end face 
of the objective lens is aligned to a position 0.2 mm or 
less from the optical disk surface. After it is confirmed 
that an optical spot formed by the second objective lens 
8 is in focus on the information recording surface of the 
40 optical disk, a fine adjustment operation of a spherical 
aberration correction system provided in the second op- 
tical system starts (ST8). The fine adjustment operation 
will be explained below using FIG. 5 as a block diagram 
that shows principal parts of a focus fine adjustment sys- 
45 tern. 

[0024] A spherical aberration correction system 30 
shown in FIG. 5 comprises, e.g., relay lenses and the 
like, and adjusts the laser beam size orthe spread angle 
of the laser beam that enters the objective lens by con- 
so trolling, e.g., the distance between two lenses. That is, 
this system consequently corrects any spherical aber- 
ration of an optical spot. In the high-NA second optical 
system, the thickness from the optical disk surface to 
the information recording surface is around 0.1 mm, and 
55 individual optical disks suffer thickness nonuniformity. 
To correct the thickness nonuniformity, such a spherical 
aberration correction system is often adopted. The 
spherical aberration correction system 30 provided for 
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this purpose is preferably adjusted by a spherical aber- 
ration correction control circuit 32 to maximize the return 
light amount, while a second return light detection circuit 
31 detects the sum total of return light amounts from the 
optical disk detected by the second PD 26 in a state 
wherein the second objective lens actuator undergoes 
focus control. This process is performed in considera- 
tion of the fact that the return light increases when the 
spherical aberration of the optical spot formed on the 
information recording surface is corrected. With this ar- 
rangement, a high-quality optical spot can be obtained. 
[0025] In this way, the focus lead-in operation of the 
second optical system is completed. Upon completion 
of the focus lead-in operation, predetermined informa- 
tion recorded on the optical disk is read and reproduced 
to confirm if the target optical disk is compatible with the 
high-NA optical system, and a desired information sig- 
nal is recorded or reproduced (ST9). 
[0026] Note that surface run-out learning in the afore- 
mentioned operation may be performed using another 
optical system in place of the first optical system. In the 
surface run-out learning step (ST5) and the lead-in step 
(ST6) at the optimal timing, the first optical system need 
not be switched to the second optical system, and the 
focus lead-in operation of the second objective lens ac- 
tuator may be realized while the first objective lens ac- 
tuator of the first optical system undergoes focus servo 
control to information recording surface run-out. In such 
a case, the disk need not be controlled at the same ro- 
tational speed as that upon surface run-out learning, 
and may be rotated at an arbitrary rotational speed. 
[0027] In the lead-in sequence, the lead-in pulse may 
be a gradually varying signal. Then the lead-in signal 
may control the objective lens actuator firstly to retract 
away from the surface of the optical disk, and gradually 
to approach onto the surface of the optical disk. 
[0028] In the first optical system, a plurality of laser 
beams enter a single objective lens. Alternatively, the 
first optical system may comprise, e.g., a single objec- 
tive lens actuator having two objective lenses, two laser 
light sources, and a focus error detection circuit corre- 
sponding to the two laser light sources. More specifical- 
ly, the first optical system may comprise a first objective 
lens actuatorthat holds an objective lens corresponding 
to a wavelength of 780 nm, and an objective lens corre- 
sponding to a wavelength of 650 nm, laser beams of the 
two wavelengths, and a detection system. 
[0029] While the first optical system performs surface 
run-out learning, the second objective lens actuator is 
preferably restrained at a position away from the optical 
disk surface. The positional relationship between the 
first and second objective lens actuators will be ex- 
plained below with reference to FIGS. 15 to 20. If the 
second objective lens actuator is not retracted and re- 
strained while the focus servo is activated by the low-NA 
first objective lens actuator, the positional relationship 
between the first and second objective lens actuators 
upon recording/reproduction using the first optical sys- 



tem is as shown in FIG. 15. That is, the first objective 
lens actuator is driven to be in good focus with an infor- 
mation recording surface 71 of the optical disk. At this 
time, if a surface 70 of the optical disk suffers surface 

5 run-out, it may collide against the second objective lens. 
To avoid the collision, the second objective lens actuator 
is retracted and is restrained at that position, as shown 
in FIG. 16. Upon recording/reproduction using the sec- 
ond optical system, the positional relationship between 

10 the first and second objective lens actuators is as shown 
in FIG. 17. The restraint described in FIG. 16 may be 
attained by providing a mechanical projection 73 to an 
objective lens holding member, and by restraining the 
projection 73 by a rotary member 75 attached to the dis- 

15 tal end of a motor 74, as shown in FIGS. 18 and 19. 
Also, an electromagnetic coil 76 provided in the second 
objective lens actuator may be electromagnetically re- 
strained by a projection 77 of the carriage 4, as shown 
in FIG. 20. Under such restraint, the lead-in operation 

20 may be realized by the resilience of a support spring up- 
on releasing from the restraint without using any drive 
control signal based on a lead-in pulse. For example, 
when the objective lens actuator is held by electromag- 
netic restraint in a direction farther away from the optical 

25 disk surface than a mechanical neutral position, the ob- 
jective lens actuator 6 moves by the resilience toward 
the optical disk surface simultaneously with release. 
The lead-in operation may be attained by this moving 
velocity. 

30 [0030] In the above arrangement, the focus lead-in 
operation is not performed at an in-focus point with re- 
spect to the optical disk surface but is performed with 
respect to only the information recording surface. Such 
a lead-in operation is realized by, e.g., a counter so as 

35 to lead the objective lens to the second change position 
of an error signal while observing a focus error signal. 
However, since the operation of such a counter is often 
unstable, focus control may be executed for the optical 
disk surface using a focus error signal observed with re- 

40 spect to the optical disk surface, and the focus lead-in 
operation may be performed with respect to the infor- 
mation recording layer by focus jump. Likewise, in the 
case of an optical disk having a plurality of information 
recording layers, after the focus lead-in operation is 

45 made for the front information recording layer, focus 
jump is preferably made in turn to the next layer. The 
focus lead-in operation may be performed by selecting 
a target information recording layer by the counter op- 
eration. However, in consideration of stability of the 

so counter operation, a reliable focus lead-in operation can 
be achieved by executing the lead-in operation with re- 
spect to the front layer which allows the lead-in opera- 
tion. 

[0031] In a focus system fine adjustment using the 
55 spherical aberration correction system, the spherical 
aberration correction system 30 may be adjusted to re- 
duce a DC component while observing the DC compo- 
nent of the focus control signal of the second focus con- 



11 



EP 1 253 587 A2 



12 



trol circuit 23, as shown in FIG. 7. At the same time, the 
return light amount may be detected to correct any 
spherical aberrations to an optimal position. 
[0032] The second embodiment of the present inven- 
tion will be described below with reference to the accom- 
panying drawings. 

[Second Embodiment] A focus error detection optical 
system generates and mixes two focus errors. 
[0033] FIG. 8 is a block diagram showing the arrange- 
ment of an optical disk apparatus having a focus error 
detection circuit of the present invention. Since the ar- 
rangement of the low-NA first optical system and the like 
is the same as that of the first embodiment, FIG. 8 shows 
the arrangement of only the high-NA second optical sys- 
tem. 

[0034] Inthis arrangement, a phase converter 51 hav- 
ing a function of shifting about 1/4X (wavelength) only 
the transfer phase around the optical axis center is in- 
serted in the optical path of the high-NA optical system. 
Some light components of light that enter the second 
objective lens 8, especially, light components near the 
optical axis center are not focused by a first component 
lens 62 that forms the second objective lens, but are fo- 
cused by only a second component lens 61 , forming a 
spot on the information recording surface in the optical 
disk. FIG. 9 shows the structure of such a second ob- 
jective lens 8. Light components near the optical axis 
center, which are focused by only the second compo- 
nent lens 61 , form an optical spot with a large spot size 
on the information recording surface due to the low NA. 
Also, light beam components slightly outside the optical 
axis center, which do not undergo wavelength shift by 
the phase converter, are focused with the high NA by 
the first and second component lenses, thus forming a 
spot on the information recording surface in the optical 
disk. This spot size is small since the NA is high. The 
respective incoming light components are split by a po- 
larization beam splitter 52 after they are reflected by the 
information recording surface. The light beam compo- 
nents around the optical axis center enter a third PD 64 
via a focusing lens 53, and are detected as a third focus 
error signal by a third focus error detection circuit 55. 
On the other hand, the light beam components slightly 
away from the optical axis center enter the second PD 
26 via the beam splitter 12 and the focusing lens 14. A 
second focus error detection circuit 56 detects a second 
focus error signal on the basis of the light intensity de- 
tected by the PD 26. The second and third focus error 
signals are input to a second focus error arithmetic cir- 
cuit 57 and undergo addition/subtraction. The calculat- 
ed focus error signal is used to drive the second objec- 
tive lens actuator 6 by the second focus control circuit. 
[0035] The arithmetic operation made by the second 
focus error arithmetic circuit 57 at that time will be de- 
scribed below with reference to FIG. 1 0. The second fo- 
cus error detection circuit 56 detects a focus error signal 
with respect to the information recording surface of the 
optical disk using a small optical spot formed with high 



NA. Forthis reason, the deviation range having the sen- 
sitivity of the focus error signal is narrow, and the spot 
size on the optical disk surface decreases. On the other 
hand, the third focus error detection circuit 55 detects a 

5 focus errorsignal with respecttothe information record- 
ing surface of the optical disk using a relatively large 
optical spot formed with low NA. Forthis reason, a rel- 
atively broad deviation range having the sensitivity of 
the focus error signal can be assured, and the spot size 

10 on the optical disk surface is large. These focus error 
signals having two different properties are, e.g., added 
to obtain a focus error signal for driving the second ob- 
jective lens actuator 6. 

[0036] The focus error signal calculated, as shown in 
15 FIG. 11 , has properties of broadness in detection range 
of the third focus errorsignal and robustness againstthe 
influences of scratches and dust on the optical disk sur- 
face, and the second focus error signal has a high de- 
tection resolution that can assure accurate focus align- 
20 ment. Let FE2 be the second focus errorsignal, and FE3 
be the third focus error signal. Then, a calculated focus 
error signal FE-cal is given by: 

25 FE-Cal = FE2 + a X FE3 

where a is an arbitrary positive value. Since the focus 
error signal is calculated in this way, the focus lead-in 
operation can be stably performed using the properties 

30 of the third focus error signal, and focus alignment can 
be accurately performed owing to the properties of the 
second focus error signal. Even when the second focus 
error signal is disturbed by the influence of scratches, 
dust, and the like on the optical disk surface, the third 

35 focus error signal is robust against the disturbances, 
and can be detected. Forthis reason, although the align- 
ment precision of focus control slightly deteriorates, a 
moderate focus control that tracks surface run-out of the 
optical disk can be implemented while preventing the 

40 objective lens from colliding against the optical disk due 
to being out of control. 

[0037] Note that the third focus error detection circuit 
55 with the above arrangement can slightly electrically 
offset the third focus error signal and can detect an in- 

45 focus point on the objective lens side in front of the in- 
formation recording surface of the optical disk. In this 
case, the focus error signal calculated by the second 
focus error arithmetic circuit 57 can be formed to have 
a plurality of focal point positions, as shown in FIG. 12. 

50 In this case, after the focus lead-in operation is made 
with respect to the front in-focus position, focus jump is 
made to the back in-focus position as that of the second 
focus error detection system, thus achieving accurate 
focus alignment to the target information recording sur- 

55 face. At the same time, with this arrangement, even 
when the focus error signal of the second focus error 
detection system cannot be detected due to the state of 
the optical disk surface, the objective lens moderately 
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moves away from the optical disk surface and under- 
goes focus control with respect to the front in-focus po- 
sition, thus avoiding collision of the objective lens. 
[0038] The aforementioned arrangement is also ef- 
fective when focus control is made for an optical disk 
having a plurality of information recording layers. When 
an optical disk which allows information recording/re- 
production using the high-NA optical system has a plu- 
rality of information recording layers, the interlayer dis- 
tance between neighboring information recording layers 
must be small. More specifically, the distance is prefer- 
ably 30 urn to 50 urn. This is because a reflection film 
of the back layer is formed by a metal film such as alu- 
minum, and a stable focus error signal is expected even 
when the NA is low. However, with this arrangement, 
since focus error detection of a first information record- 
ing layer, which is formed in front of the objective lens, 
and that for a second information recording layer, which 
is formed behind the objective lens must be processed 
not to interfere with each other, the respective focus er- 
ror detection ranges become very narrow. More specif- 
ically, an error detection system within the range of 
about ±3 urn is formed. In such case, the second focus 
error arithmetic circuit can calculate a focus error signal 
that can implement stable focus control, on the basis of 
the third focus error signal detected by the third focus 
error detection circuit and the second focus error signal 
detected by the second focus error detection circuit At 
this time, the third focus error detection circuit preferably 
detects the focus error signal using return light especial- 
ly from the back information recording layer. 
[0039] I n the above arrangement, since the focus con- 
trol lead-in operation, fine adjustment operation, and 
jump operation are the same as those in the first em- 
bodiment, a description thereof will be omitted. 
[0040] In the above arrangement, since the focus 
lead-in control can be stably performed due to the prop- 
erties of the third focus error signal, surface run-out 
learning using the low-NA first optical system need not 
be performed. 

[0041] As described above, according to the present 
invention, the following effects can be obtained. 
[0042] When low- and high-NA optical systems are 
present and respectively have different objective lens 
actuators, a first objective lens actuator that holds a first 
objective lens of the low-NA optical system executes fo- 
cus control first to learn the surface run-out amount of 
the target optical disk. After that, if it is determined that 
the target optical disk is compatible with information re- 
cording/reproduction using the high-NA optical system, 
a second objective lens actuatorthat holds a second ob- 
jective lens of the high-NA optical system executes the 
focus lead-in operation at an optimal timing with refer- 
ence to the learned surface run-out phase, thus stably 
switching the focus control. 

[0043] Even in the high-NA optical system, low-NA fo- 
cus error detection is made using light components 
around the optical axis center, and a signal obtained by 



adding two focus error signals obtained by high- and 
low-NA focus error detection systems is used as a focus 
error signal for focus alignment of an objective lens. With 
this arrangement, an in-focus point of the low-NA focus 

5 error detection system is formed slightly on the disk sur- 
face side compared to that of the high-NA focus error 
detection system, and a drive force that becomes a large 
repulsion force can be generated upon defocusing the 
objective lens in a direction to collide against the disk. 

10 Furthermore, with this arrangement, since the low-NA 
focus error detection system can form a larger spot on 
the disk surface than the high-NA focus error detection 
system, a focus error signal robust against the influence 
of dust or scratches on the disk surface can be obtained. 

15 For this reason, even when a signal from the high-NA 
focus error detection system decreases due to the influ- 
ence of scratches and dust, the objective lens can be 
prevented from colliding againstthe disk due to runaway 
of the focus servo, and servo control is made in a direc- 

20 tion away from the disk. 



Claims 

25 1. An optical disk apparatus characterized by com- 
prising: 

a drive motor (2) for rotating an optical disk; 
rotation angle detection means (25) for detect- 

30 ing a rotation angle of said drive motor; 

a first objective lens (7); 
a first objective lens holder (15) which holds 
said first objective lens and is supported to be 
drivable in an optical axis direction of said first. 

35 objective lens and in one direction perpendicu- 

lar to the optical axis; 

a first focusing actuator (5) for driving said first 
objective lens holder in the optical axis direc- 
tion; 

40 first focus detection means (22) for detecting a 

relative deviation between said first objective 
lens and an information recording surface of the 
optical disk in the optical axis direction , and ad- 
justing a focus to the information recording sur- 

45 face; 

first drive control means (23) for controlling 
driving of said first focusing actuator on the ba- 
sis of a detection result of said first focus de- 
tection means; 

so storage means (24) for storing a drive control 

signal output from said first drive control means 
and a rotation angle detection signal detected 
by said rotation angle detection means in syn- 
chronism with each other; 

55 a second objective lens (8) having a focal 

length shorter than said first objective lens; 
a second objective lens holder (1 6) which holds 
said second objective lens and is supported to 
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be drivable in an optical axis direction of said 
second objective lens and in one direction per- 
pendicular to the optical axis; 
a second focusing actuator (6) for driving said 
second objective lens holder in the optical axis s 
direction; 

second focus detection means (27) for detect- 
ing a relative deviation between said second 
objective lens and the information recording 
surface of the optical disk in the optical axis di- 10 
rection, and adjusting a focus to the information 
recording surface; 

second drive control means (28) for controlling 
driving of said second focusing actuator on the 
basis of a detection result of said second focus is 
detection means; and 

focus lead-in means (29) for controlling said 
second drive control means to drive said sec- 
ond focusing actuator on the basis of informa- 
tion stored in said storage means, and execut- 20 
ing a focus lead-in operation. 

2. An optical disk apparatus characterized by com- 
prising: 

25 

an objective lens (8); 

an objective lens holder (16) which holds said 
objective lens and is supported to be drivable 
in an optical axis direction of said objective lens 
and in one direction perpendicular to the optical so 

a focusing actuator (6) for driving said objective 
lens holder in the optical axis direction; 
first focus detection means (56) for detecting a 
deviation in the optical axis direction on the ba- 35 
sis of reflected light of light beam components 
focused at a first numerical aperture of light 
beam components focused by said objective 
lens, and adjusting the light beam to form a fo- 
cal point on an information recording surface of 40 
an optical disk; 

second focus detection means (55) for detect- 
ing a deviation in the optical axis direction on 
the basis of reflected light of light beam com- 
ponents focused at a second numerical aper- *s 
ture lower than the first numerical aperture of 
light beam components focused by said objec- 
tive lens, and adjusting the light beam to form 
a focal point on the information recording sur- 
face of the optical disk; 50 
addition means (57) for adding a focus error 
signal detected by said second focus detection 
means to a focus error signal detected by said 
first focus detection means; and 
drive control means (28) for driving said focus- 55 
ing actuator in accordance with an output from 
said addition means. 
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3. An apparatus according to claim 2, characterized 
in that said first focus detection means adjusts the 
focal point of the light beam on the basis of reflected 
light of light beams, which are away from an optical 
axis center in the direction perpendicular to the op- 
tical axis by a predetermined range, of the light 
beam components which enter said objective lens, 
and 

said second focus detection means adjusts 
the focal point of the light beam on the basis of re- 
flected light of light beam components within the 
predetermined range from the optical axis center in 
the direction perpendicular to the optical axis, of the 
light beam components which enter said objective 
lens. 

4. An apparatus according to claim 2, characterized 
in that an ih-focus point of said second focus de- 
tection means is located on the objective lens side 
compared to an in-focus point of said first focus de- 
tection means. 

5. An apparatus according to claim 4, characterized 
in that the in-focus point of said second focus de- 
tection means is deviated toward the objective lens 
side by electrically offsetting a focus error signal 
which represents the deviation in the-optical axis di- 
rection detected by said second focus detection 



6. An apparatus according to claim 2, characterized 
by further comprising drive control means for con- 
trolling driving of said objective lens holder to adjust 
a focal point to an in-focus point of said first detec- 
tion means by focus jump after the focal point is ad- 
justed to the in-focus point of said second focus de- 
tection means upon executing focus control with re- 
spect to the information recording surface of the op- 
tical disk. 

7. An optical disk processing method characterized 
by comprising: 

the first step (ST1 , ST2) of executing a focus 
lead-in process by irradiating a rotating prede- 
termined optical disk with a light beam applied 
via a first objective lens of a first optical system, 
said first objective lens having a first numerical 
aperture lower than a second numerical aper- 
ture of a second objective lens of a second op- 
tical system; 

the second step (ST3) of discriminating an op- 
tical system suitable for a recording/reproduc- 
tion process of the optical disk; 
the third step (ST5 - ST9) of processing the op- 
tical disk, when the optical system suitable for 
the recording/reproduction process of the opti- 
cal disk is the first optical system, by irradiating 
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the optical disk with the light beam via the first 
objective lens of the first optical system; and 
the fourth step (ST4) of processing the optical 
disk, when the optical system suitable for the 
recording/reproduction process of the optical s 
disk is the second optical system, by irradiating 
the optical disk with the light beam via the sec- 
ond objective lens of the second optical system. 

A method according to claim 7, characterized in 10 
that the fourth step comprises: 

the fifth step (ST5) of irradiating the optical disk 
with the light beam via the first objective lens of 
the first optical system, and detecting surface 15 
run-out of the optical disk from the reflected 
light of the light beam; 

the sixth step (ST7) of executing the focus lead- 
in process by irradiating the optical disk with the 
light beam via the second objective lens of the 20 
second optical system on the basis of a surface 
run-out learning result of the optical disk detect- 
ed in the fifth step; and 

the seventh step (ST9) of executing the record- 
ing/reproduction process on the optical disk by 25 
irradiating the optical disk with the light beam 
via the second objective lens of the second op- 
tical system. 

A method according to claim 7, characterized in so 
that the first step includes the step (ST1 ) of: 

executing the focus lead-in process by irradiat- 
ing the optical disk with the light beam via the 
first objective lens of the first optical system 35 
while the second objective lens of the second 
optical system is retracted not less than a pre- 
determined distance away from the optical disk. 



10 



EP 1 253 587 A2 




FIG.2 

11 



EP 1 253 587 A2 




12 



EP 1 253 587 A2 



Estimated surface run-out signal of surface 
run-out phase estimation circuit 




Time (s) 



Closer to objective lens 



Time (s) 



Focus error signal of second focus error 
detection circuit 



- Time (s) 



In focus on optical disk surface \ 

Lead in to optical disk 
information recording surface 



FIG.4 



EP 1 253 587 A2 




14 



EP 1 253 587 A2 



Start 



ST2 

/ 








Execute focus lead-in 




Retract hie 


h-NA 


using low-NA optical 
system 




objective lens actuator 








i 


High-NA 






Check optical disk 


optical system 


Learn surface run-out 




of optical disk 



ST3 



Low-NA 
optical system 



Reproduce/record 
information using 
low-NA optical system 



ST4 



Generate lead-in pulse 
at optimal timing 



Focus lead-in 
operation 



^ST1 



-ST5 



^ST6 



-ST7 



Finely adjust focus 
system using spherical 
aberration correction 
system 



^ST8 



Reproduce/record 
information using 
high-NA optical 
system 



^ST9 



FIG.6 



15 



EP 1 253 587 A2 




16 



EP 1 253 587 A2 




17 



EP 1 253 587 A2 




FIG. 9 



Focus error signal output from second 
focus error detection circuit 



Spot size on optical 
disk surface 



Focus deviation 



Focus error signal output from third 
focus error detection circuit 




Focus deviation 



B 



Spot size on optical 
disk surface 

o 



FIG. 10 

18 



EP 1 253 587 A2 




ln-focus position of second foeus error 





I 


, detection system 
jL/ \ Focus deviation 






[ A [Closer to | 

\ v-/ [objective lens J 

ln-focus position of third focus error 



detection system 

FIG.12 



19 



EP 1 253 587 A2 




EP 1 253 587 A2 



f Actuator drive voltage signal 




Time (s) 



(a) 



Output from rotation angle detection circuit 



Time (s) 



(b) 



Stored drive voltage output value 

.it . t T ! . . j <™ w 



A | i ' ' ' ' i 1 

(c) 



FIG.14 



21 



EP 1 253 587 A2 




FIG. 17 



22 



EP 1 253 587 A2 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(id EP 1 253 587 A3 

EUROPEAN PATENT APPLICATION 



) Date of publication A3: 
15.12.2004 Bulletin 2004/51 



(43) Date of publication A2: 

30.10.2002 Bulletin 2002/44 



(51) intci ?: G11B7/09, G11B 7/095, 
G11B 7/085 



(21) Application number: 01116739.2 

(22) Date of filing: 19.07.2001 



(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Yonezawa, Minoru 




MC NLPTSETR 


1-1-1 Shibaura, Minato-ku Tokyo 105-8001 (JP) 




Designated Extension States: 


• Ohsawa, Hideaki 




AL LT LV MK RO SI 


1-1-1 Shibaura, Minato-ku Tokyo 105-8001 (JP) 


(30) 


Priority: 24.04.2001 JP 2001126115 


(74) Representative: HOFFMANN - EITLE 




Patent- und Rechtsanwalte 


(71) 


Applicant: Kabushiki Kaisha Toshiba 


Arabellastrasse 4 




Minato-kg, Tokyo 105 (JP) 


81925 Miinchen (DE) 



(54) Optical disk apparatus and optical disk processing method 



(57) An optical disk apparatus has a first optical sys- 
tem (6, 8) having an objective lens with a first NA, a sec- 
ond optical system (6, 8) having an objective lens with 
a second NA lower than the first NA, addition means 



(57) for adding focus error signals detected by the first 
and second optical systems, and alignment means (28) 
for aligning the objective lens in accordance with the ad- 
dition result of the addition means. 



CO 
< 

£5 
m 

CO 

in 

CM 



Q. 

W 








+ 


Second focus 




Third focus 




error detection 




error detection 






55— 


circuit 





FIG.8 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 253 587 A3 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nutnbei 
EP 01 11 6739 



DOCUMENTS CONSIDERED TO BE RELEVANT 



JP 11 176073 A (MATSUSHITA ELECTRIC IND CO 
LTD) 2 July 1999 (1999-07-02) 
* paragraph [0035] - paragraph [0048] * 
-& US 2602/080700 Al (KISHIM0T0 ET AL) 
27 June 2002 (2002-06-27) 
the whole document * 



EP O 470 807 A (MATSUSHITA ELECTRIC IND CO 
LTD) 12 February 1992 (1992-02-12) 

* column 4, line 35 - column 7, line 28 * 

* column 9, line 25 - line 36 * 

* figures 1,2 * 

JP 2000 207750 A (SONY CORP) 
28 July 2000 (2000-07-28) 

* paragraph [0017] * 

* paragraph [0043] - paragraph [0061] * 

* figures 1,2,7,8 * 

-& US 2002/093890 Al (HICHIHIKO) 
18 July 2002 (2002-07-18) 

* the whole document * 



1,8,9 
1,7-9 



1,8,9 
7 



1,8,9 
7 



JP 11 273092 A (SONY CORP) 
8 October 1999 (1999-10-08) 

* abstract * 

* paragraph [0005] - paragraph [0008] 

* paragraph [0029] - paragraph [0077] 



JP 2000 076679 A (RICOH CO LTD) 
14 March 2000 (2000-03-14) 

* paragraph [0002] - paragraph [0005] * 

* paragraph [0013] - paragraph [0015] * 

* paragraph [0045] - paragraph [0052] * 

JP 07 065382 A (MATSUSHITA ELECTRIC IND CO 
LTD) 10 March 1995 (1995-03-10) 

* abstract * 

* paragraph [0015] - paragraph [0037] * 



-/- 



The present search report has been drawn up for all claims 



G11B7/09 
G11B7/095 
G11B7/085 



The Hague 



27 September 2004 Skaropoulos, N 



CATEGORY OF CITED I 

X : particularly relevant if taken alone 
Y : particularfy relevant if combined w 

document of IhB same category 
A : technological background 



1 : member of the same patent family, corresponding 



2 



EP 1 253 587 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



JP 05 234241 A (HITACHI LTD) 

10 September 1993 (1993-09-10) 

' paragraph [0032] - paragraph [G048] * 

US 4 850 695 A (MIKURIYA KENTA ET AL) 
25 July 1989 (1989-07-25) 
abstract * 

column 1, line 1 - line 57 * 

column 3, line 11 - column 7, line 13 1 

EP Q 805 439 A (EASTMAN KODAK CO) 
5 November 1997 (1997-11-05) 
the whole document * 



PATENT ABSTRACTS OF JAPAN 

vol. 2000, no. 04, 

31 August 2000 (2000-08-31) 

-& JP 2000 011401 A (SONY CORP) , 

14 January 2O0O (2086-81-14) 

* the whole document * 



US 5 854 780 A (OPHEIJ WILLEM G ET AL) 
29 December 1998 (1998-12-29) 
* the whole document * 



US 5 978 328 A (TANAKA TOSHIHISA) 
2 November 1999 (1999-11-02) 
* the whole document * 



The present search report has been drawn up for all claims 



1,7-9 



27 September 2004 



Skaropoulos, 



CATEGORY OF CITED DOCUMENTS 

particularly relevant if taken alone 
particularly relevant if combined with anothe 
document ol the same category 
technological background 



O : non-written di: 



T ; theory or principle underlying the invention 
E : earlier patenl document, but published on, or 

after the filing date 
D : document cited in »e application 
L : document cited tor other reasons 

8, membei I the same patenl family, orresponding 



EP 1 253 587 A3 



European Patent 
Office 



EP 01 11 6739 



Application Number 



CLAIMS INCURRING FEES 



The present European patent application comprised at the time of filing more than ten claims. 

□ Only part of the claims have been paid within the prescribed lime limit. The present European search 
report has been drawn up for the first ten claims and for those claims for which claims fees have 
been paid, namely claim(s): 



□ No claims fees have been paid within the prescribed time limit. The present European search report has 
been drawn up for the first ten claims. 



LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 



see sheet B 



nn All further search fees have been paid within the fixed time limit. The present European search report has 
I — I been drawn up for all claims. 



□ As all searchable claims could be searched without effort justifying an additional fee, the Search Division 
did not invite payment of any additional fee. 



□ Only part of the further search fees have been paid within the fixed time limit. The present European 
search report has been drawn up for those parts of the European patent application which relate to the 
inventions in respect of which search fees have been paid, namely claims: 



□ None of the further search fees have been paid within the fixed time limit. The present European search 
report has been drawn up for those parts of the European patent application which relate to the invenlion 
first mentioned in the claims, namely claims: 



4 



EP 1 253 587 A3 



European Patent 
Office 



LACK OF UNITY OF INVENTION 
SHEET B 



EP 01 11 6739 



Application I 



i Number 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. claims: 1,7-9 

Optical pickup apparatus and an optical pickup method 
containing two optical systems which operate at different 
wavelengths wherein the focus lead-in of the second optical 
system is done based on surface runout information that was 
stored in suitable storage means when the first optical 
system was operating. 



2. claims: 2-6 

Optical pickup apparatus wherein controlling of the 
focusing actuator is done through adding two focus error 
detection signals, which are obtained by corresponding focus 
error detection means. 



EP 1 253 587 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 11 6739 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

27-09-2004 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member(s) 


date 


JP 11176073 


A 


no Cil 1 QOQ 

u_.-u/-iyyy 




1 90/11 1 1 A C 


fifi-Al -1QQQ 






TW 


3000/1 D 


01 -OA-Oftflfl 








MC 


DZODDjD bl 


U4 _ U3-£UU1 








Ub 




O7_0fi_00f|0 


US _!(3U_Uo(J/lJU 


Al 




TM 


li.UHJ.lJ ft 


uo-ui-1333 








JP 


111/DU/O ft 


KjC U/ 13273 








TW 


388871 B 


01-05-2000 








US 


6285635 Bl 


04-09-2001 


EP 0470807 


A 


1 9 fiO 1 QQ9 


ID 


HCOLCoc ft 


UO 1U-133C 








JP 


9 CO CO AC DO 
COCOCUD DC 


VC.-U/ -133/ 








JP 


4095224 A 


27-03-1992 








JP 


3019870 B2 


13-03-2000 










HIO/DJJ ft 


?q_ftE_lQQ? 








nr 




15-05-1997 








DE 




13-11-1997 








DE 


69131770 Dl 


09-12-1999 








DE 


69131770 T2 


09-03-2000 








EP 


0470807 Al 


12-02-1992 








EP 


0727775 A2 


21-08-1996 










43229 Al 


17-10-1997 








US 


RE36445 E 


14-12-1999 








US 


5235581 A 


10-08-1993 


JP 2000207750 


A 


28-07-2000 


CN 


1260563 A 


19-07-2000 








KR 


2000053426 A 


25-08-2000 








TW 


455863 B 


21-09-2001 








US 


2002093890 Al 


18-07-2002 


US 2002093890 


Al 


18-07-2002 


JP 


2000207750 A 


28-07-2000 








CN 


1260563 A 


19-07-2000 








KR 


2000053426 A 


25-08-2000 








TW 


455863 B 


21-09-2001 


JP 11273092 


A 


08-10-1999 


NONE 






JP 2000076679 


A 


14-03-2000 


US 


2003151999 Al 


14-08-2003 






US 


6545958 Bl 


08-04-2003 


JP 07065382 


A 


10-03-1995 


NONE 






JP 05234241 


A 


10-09-1993 


NONE 






US 4850695 


A 


25-07-1989 


JP 


63153456 A 


25-06-1988 








DE 


3731861 Al 


30-06-1988 



Si For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



EP 1 253 587 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 11 6739 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

27-09-2004 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


US 4850695 A 


FR 


2608790 Al 


24-06-1988 


GB 


2199137 A ,B 


29-06-1988 




NL 


8702254 A 


18-07-1988 



US 5742573 A 21-04-1998 

DE 69710119 Dl 14-03-2002 

DE 69710119 T2 19-09-2002 

EP 0805439 Al 05-11-1997 

JP 10031831 A 03-02-1998 



JP 2000011401 


A 


14-01-2000 


NONE 






US 5854780 


A 


29-12-1998 


NL 


9000282 A 


02-09-1991 






CN 


1053962 A ,B 


21-08-1991 








EP 


0441435 Al 


14-08-1991 








JP 


4214236 A 


05-08-1992 


US 5978328 


A 


02-11-1999 


JP 


10097720 A 


14-04-1998 



1 

w For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



7 



